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CONCERNING THE MORPHOLOGY AND REPRODUCTION 
OF  SPIROCHiETA PALLIDA AND A  RAPID  METHOD 
FOR STAINING THE  ORGANISM. 
BY  L.  B.  GOLDHORN. 
(From the Pathological Laboratory of the University and Bellevue Hospital Medical 
College, New York.) 
PLATES XXI  AND XXII. 
The  object  of  this  paper  is  to  describe  a  simple method for 
the  staining  in  smear  preparations  of  Spiroch~eta pallida  and 
to  present  certain  observations  which  I  have  been  enabled  to 
make  upon  the  morphology  and  reproduction  of  the  micro- 
organism  through  the  use  of  this  staining  method.  I  have 
examined a  large number of cases of syphilis and various syphi- 
litic lesions, and it is upon the study of a  relatively large mass of 
material that I  base my conclusions.  I  have purposely omitted 
references to the literature of my subject as this communication 
is  intended to  be  a  report  of personal  observations. 
The Giemsa staining method, which is based upon the Nocht- 
Romanowsky principle of staining,  is  so time-consuming, where 
the  question  of  a  possible  quick  differential  diagnosis  is  to  be 
considered, as to be quite useless.  Besides this, we have to deal 
with  the  disadvantage  that  the  organism  is  stained  so  lightly 
as at times to be readily overlooked.  One can safely state that 
there is no modification of the Romanowsky method which wilt 
not stain the pallida, but I  believe the results to be less brilliant 
than those obtainable by the method I  am about to describe. 
I  prepare a  dye for Spirochseta pallida as follows: 
In  200  cubic centimeters of water  two grams of lithium car- 
bonate are dissolved and two grams of methylene blue are added. 
While some other carbonate may be used, the use of lithium salt 
seems to  me preferable.  The methylene blue  is  either Merck's 
medicinal, or Gruebler's  B  X, or Koch's rectified.  This alkaline 
methylene blue solution is heated in a rice-boiler with a moderate 
amount of heat until a  rich polychrome has formed.  The steps 
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leading up  to  this  formation are followed by taking every few 
minutes a  sample in  a  test-tube,  and  examining by holding  it 
against artificial light.  As soon as a  distinctly red color is  ob- 
tah~ed the desired degree of heating has been reached.  During 
the cooling, which is allowed to take place spontaneously, more 
of  the  polychrome will  be  formed.  The  residue  which  is  un- 
dissolved is  removed from the  cooled dye by pouring  through 
cotton in a funnel. 
To one half of this alkMine polychrome dye 5 per cent. acetic 
acid is gradually added until a strip of litmus paper shows above 
the line of discoloration a distinct acid reaction.  The remaining 
half of the dye is now added, so as to carry the reaction back to 
a  low degree of alkalinity. 
A  weak  eosin  solution  is  now  prepared,  approximately one 
half per cent. French eosin, and this is added gradually, while the 
mixture is being stirred, until a filtered sample shows the filtrate 
to be of a pMe bluish color with slight fluorescence.  The mixture 
is allowed to stand for one day and then filtered.  The precipitate 
which has separated is collected on a double piece of filter paper 
and dried at room temperature, or at a temperature not exceeding 
4  °o C.  Excessive heat injures the dye. 
When this precipitate is completely dried, it is readily removed 
from the filter paper and may then be dissolved without further 
washing in  commercial wood  alcohol.  1  The  solution  should  be 
allowed to stand for a  day in an open vessel, and then filtered. 
An alcohol insoluble residue may be present which is  to be re- 
moved.  The strength of this alcoholic solution is approximately 
i  per cent. 
To use the stain on slide smears,  one drops sufficient dye on 
an unfixed preparation to cover it, allows the dye to act for three 
or  four seconds, and pours  off the  excess  of dye.  The  slide  is 
now introduced slowly  into clean water with the film side  down, 
permitting  in  this  manner  an  interaction between the  film  of 
adhering dye and the water.  The slide is  held in this slanting 
position  in  the  water  for  another four  or  five  seconds,  and  is 
i  Commercial wood alcohol is  to be preferred to the pure article, as it gives 
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next  shaken  in the  water  so  as to  wash  off the  excess of 
dye. 
The reason for holding the preparation stained side down- 
ward is to prevent the forming predpitate from falling  upon the 
smear and disfiguring it.  A well-stained preparation is obtained 
in this manner, and the pallida appears of a  violet color, which 
may be changed to bluish-black by flooding the preparation for 
fifteen or twenty seeonds with the ordinary iodo-iodide of potash 
solution of Gram,  washing and drying as  usuM.  This counter- 
staining with Gram's solution permits a moderate degree of differ- 
entiation with alcohol, but this has up to the present offered no 
advantages, as the pallida decolorizes readily. 
My  study  has  embraced  sixty  eases  of  undoubted  syphilis, 
and  of  these  only  eight have  failed  to  show the  pallida.  The 
results  depend  very  much  upon  the  technique  employed. 
Repeated  examinations  were  not infrequently necessary before 
the parasite could be demonstrated.  Moreover,  as it could not 
be demonstrated at all times in every lesion of the same individual, 
the desirability of making preparations  from both primary and 
secondary lesions located in different parts of the body is evident. 
The number of pallida found did not seem at any time to bear 
relation  to  the  severity  of  the  infection.  The  mere  fact  that 
numerous organisms  could be  obtained  one  day  from  a  lesion, 
while on the following day but few were obtained from the same 
lesion, although the same technique was employed, goes to show 
that  numbers  are  not always  the most important factor in de- 
termining success of demonstration.  The appearance and group- 
ing  of  the  pallida  frequently  suggests  other  possibilities,  as  I 
will show presently. 
Since  I  lay  much stress  upon technique,  I  will  describe  the 
method with whieh I  obtained  my best  results:  curettage  was 
always  resorted to with a  view to removing surface epithelium 
and  exudate,  the  latter  especially,  because  the  finding  of  the 
pallida  in  smears  showing pus  proved to be  a  matter  of great 
difficulty.  The curettage was carried sufficiently far to cause the 
appearance  of a  small amount of serum and blood,  and it was 
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center.  The  deeper  curettages  also  helped  to  eliminate  other 
organisms from the field.  Wherever it was possible, the making 
of  impression preparations  was  preferred,  not  only because  of 
the ease with which they are made, but because they proved to 
be of advantage in the study of the morphology and the probable 
mode  of  reproduction  of  the  pallida.  A  lesion  of  the  throat 
had to be handled differently.  Gentle curettage usually caused 
the appearance of a little blood which was removed with a  sterile 
platinum wire and smeared upon a  slide; in fact the majority of 
mouth lesions  and  those located on  the  vaginal wall  had to  be 
studied in this manner.  In the examination of roseola efflores- 
cences the curettage was  steadily carried to  the  bleeding point 
in half a dozen or more places, and a number of preparations were 
made, some being taken at the moment preceding the appearance 
of blood corpuscles, because it was found that the optimum point 
was readily overstepped when it  was  a  question  of finding the 
spirochmtm  rapidly.  Under all circumstances the finding of the 
parasite in these roseolm was more or less difficult. 
Blood smears were frequently taken from the lobe of the ear 
in the usual manner and examined carefully, especially in those 
cases  where a  chancre was  of short  standing,  but  this  tedious 
work remained entirely negative as  far as  finding the organism 
was  concerned.  Moist  papules  seemed  to  contain  the  largest 
numbers, and incidentally  it may be stated that in many instances 
the  longest  individuals  were  found in  them.  The  majority of 
chancres  showed  almost  equal  numbers,  but  only  after  the 
curettage had been carried out at the edge of the lesion. 
Several cases studied were of exceptional interest.  I will state 
briefly  some of the most important features of them. 
Case I.--Female who denied all  knowledge of a primary lesion. 
Body  covered  with  a  papulo-macular  eruption.  On  careful 
examination  a small moist papule was found concealed under 
the left mamma.  Slides  were prepared from the moist papule 
and from the eruption on the arm and shoulder. Impression prep- 
arations from the moist papule showed the pallida in enormous 
numbers, many fields showing from twenty to thirty individuals. 
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spirochmtm, but among them pallida forms were not discovered. 
The  types  seen  were  refringens, and other straighter  forms. 
Case  2.--Male.  Papules  on  scrotum  and  penis.  Macules, 
general.  The former showed after repeated examination a small 
number of pallida, the latter failed to show pMlida.  The papules 
were of four weeks standing. 
Case  3.--Female.  Examination  extending  over  eight  weeks 
during  administration  of  mercury.  Mucous  placques  were 
studied.. The  pallida  was  found at  each  examination, but  the 
last  two examinations showed diminution in numbers.  In this 
connection another case may be mentioned in which the examina- 
tion of mucous patches gave on two occasions positive and in the 
intermediate examination negative results. 
Several lesions which were negative were as follows: 
Mixed  (?)  lesion of the penis; double primary lesion  of  the 
tongue  and  penis  (uncertain  history  of  infection);  tubercular 
syphilide over the right eye.  The last showed the refringens. 
Late lesions, believed to be tertiary, were repeatedly examined 
with negative results. 
Control examinations of non-syphilitic lesions were also made. 
In a  case of acne and another  of  eczema  spiral  organisms  were 
found, but they could be  distinguished from the  pallida.  They 
were  thicker and  the  turns  less sharp; ends pointed.  Smegma 
gave some suggestive organisms : they were as delicate as  pMlida 
but  the  characteristic  sharp  turns  of  the  latter  were  absent. 
These last organisms when suspended in salt solution and  kept 
at  body  temperature were highly motile. 
In morphology, the pallida which I studied agreed, in general, 
with the  description of Schaudinn and  Hoffmann.  As  regards 
the  question of flagella,  I  found on  occasional organisms what 
might  have  been  considered  such  appendages.  I  examined 
hundreds of spiroehmtm in  impression preparations  in  order  to 
find  one  organism showing the prolongation.  It seemed  indeed 
too thick to be an ordinary flagellum.  I  was unsuccessful with 
Loeffler's stain.  In the fresh  state  I  could not discern flagella. 
The length of and hence the number of curves in the pallida 
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counted  (Plate  XXII,  Pig.  io),  on  an  individual  of  uniform 
thickness.  In thickness there is also variation, so that the dimen- 
sions  given by Schaudinn and Hoffmann do not hold absolutely. 
(Plate  XXI,  Fig. 4, a.)  The  thickness  may approach  that  of 
refringens;  and in a  chancre  of the  lip  I  found two  pallida  of 
unusual length.  One possessed forty turns at least, and stretched 
across the greater part of the  microscopic field.  It was very thin 
and  faint.  I  regard  the  pallida as  a  spiral  of  variable  length 
and thickness, attenuated at the ends so as to form a fine  point, 
the terminal end being as a rule no more than one coil in length. 
Impression preparations which were dried immediately showed 
not infrequently  organisms of the pallida type which, in places, 
were rather straight,  so that  I  do not believe the spirochmta to 
be  a  rigid  spiral;  but, on the  contrary,  I  believe it  to  be  very 
flexible.  The  living  organism  presents  rather  constantly  the 
spiral  form,  if  the  medium  in  which  it  moves  be  sufficiently 
abundant and fluid.  I  have made it a  rule to place a  thin hair 
between the  cover-glass  and  the  slide,  so  that  close proximity 
of the cover may not interfere with the movements of the parasite, 
and to allow the fluid to enter by capillarity.  I prefer such prep- 
arations  to  the  hanging drop.  The movements of the pallida 
may be compared to those of the spirochmta of relapsing fever, 
except  that  those of the pallida  are  slower even at  room tem- 
perature.  The pallida seems to move with equal facility slowly 
backward and forward.  It seems to turn on its axis,  and while 
its movements are evident, it appears to remain rather stationary. 
The impression preparations seemed at first to yield information 
regarding  the  mode  of  reproduction  of  the  pallida.  At  the 
February meeting of the  New York  Pathological Society  I  ex- 
pressed the belief that longitudinal division occurred, leading to 
the  production  of  three  or  four  individuals  which  remained 
attached  end  to  end,  before  separation  by  transverse  section. 
On Plate XXII Figure 4, e, shows, for example, a relatively thick, 
short  parasite  which  becomes  attenuated  at  one  end,  from 
which  a  second  organism seems to  arise  and  split  off.  Still 
other organisms are short and thick  and  give  rise,  apparently, 
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tinetly.  Moreover, I  was able to show in a  single  field  of  the 
microscope  (~  inch  immersion  lens)  as  many as  five spiro- 
chmtm, which on close examination proved to be double, and still 
other spirals seemed  to  be  uncoiling  (Plate  XXII,  Figure  9). 
These  appearances  I  at  first  interpreted  as  examples  of longi- 
tudinal division. 
I have now come to the conclusion that the intertwining can be 
accounted for in a  simple way by considering the  effects  of  (i) 
the mode of progression of  the  organisms, (2)the large numbers 
which  are present in the lesions, and  (3)  the consistence of the 
medium in which they move.  Of  these factors  the first  one is 
doubtless the most important. 
In order to  obtain  a  better understanding of the appearances 
suggesting  longitudinal  division,  I  prepared  two  wire  models, 
coiled as the pallida is supposed to be.  By carelessly throwing 
them together a  double spiral,  permitting of lateral separation, 
was eventually formed.  By rotating one spiral to the right and 
the other to the left, one lying behind the other, all figures from 
incomplete  to  complete  apposition,  with  the  production  of  a 
thickened  spiral,  were  reproduced.  In  this  condition  lateral 
separation, when  one remembers the flexibility of the pallida, is 
seen to be possible, especially if the individuals moved in opposite 
directions.  What,  however,  is  unaccounted  for  and,  by  this 
view, impossible to account  for,  is  the  end  to  end  attachment 
forming a continuous and long  spiral  organism  with  attenuated 
points in two or three places  (Plate XXI,  Figure  2). 
There was another objection to the view of longitudinal divi- 
sion: the number of turns in the apposed organisms was subject 
to  too  great  variation.  While one organism  showed six turns, 
the  other  showed  as  many  as  ten.  This  appearance  could be 
more easily explained on the supposition of entanglement. 
Not infrequently I noticed spirals of the pallida type which were 
twice the length of typical specimens.  Near the middle a thinned 
out,  more  or less  straight part  appeared,  and beyond,  on each 
side, the curves reappeared equally.  To account for this appear- 
ance as the result of longitudinal division, one might suppose the 
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united.  This  was  the  attenuated  section.  In  endeavoring to 
account  for  these  different  appearances  on  the basis  of longi- 
tudinal division, I did not leave out of  account  the possibility of 
e 
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Transverse division of Spiroeh~eta pallida.  Camera  luclda drawings. 
a.  Organism dividing to form probably three; curves and diameter irregular. 
b.  Characteristic division. 
c.  Division into three; organisms irregular. 
d.  Division into equal organisms. 
transverse division, which,  indeed,  I  regarded  as  probably  the 
true  mode  of  propagation.  According  to  this  conception the 
attenuated  parts  described would represent the points  of sepa- 
ration.  Further  studies have supplied  me  with  unmistakable 
evidence of transverse division.  The length of these  specimens of 
pallida was unusually great, and in the course of one spiral three 
or even four thinner  and straighter portions were  encountered. 
These  specimens  were  found  in  preparations  in  which  the 
large  numbers  present  indicated  active  multiplication.  The 
attenuations  occurred  at  intervals  of  six  to  eight  curves. 
It  is  difficult  to  account  for  this  appearance  upon  any  other 
supposition  than  transverse  division.  Admitting  this  as  the 
probable mode of division, it should be said that not infrequently 
the  product is  greater  than  two  individuals  at  one  division;  I 
have seen a  dividing  spiral which apparently was  yielding four 
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Koch  2  has  just  published  an  account  of  the  study  of  the 
spirochmtze of recurring  African  fever  and his  figures  show  un- 
mistakable evidence of transverse division. 
These figures show so great a  similarity to those which I  ob- 
tained from Spirochmta pallida that  the two organisms may,  I 
think,  be regarded as  multiplying in  the same manner.  Other 
points of similarity between the recurrens  and  the  pale  spiro- 
chmt~e  are  the occurrence of thick individuals and the  tendency 
to  form masses  where  the  organisms  are  sufficiently abundant 
and  the medium suitable. 
It  must,  however,  be  considered as  still  a  question  whether 
some  of  the  thick and  uniform types  of pallida  represent two 
accidentally intertwined individuals.  It does  not seem impossi- 
ble that conjugation may be going on in these forms.  And if this 
were true, then the intertwinings and the zooglea-like formations 
would  not represent  accidental  conditions,  but  unions  looking 
to  renewal of life  by the  fusion  of two  elements.  The  remain- 
ing possibility, which is not to be excluded, is that the thick forms 
are involutions.  I  have seen  undoubted examples  of involutions 
in  short,  thick pallida. 
I  am  deeply indebted to  Professor  E.  K.  Dunham for  many 
helpful suggestions which led me to definite conclusions regarding 
the  mode  of  division  of  the  pallida.  Further  work  is  now 
being  carried  on  largely  along  lines  suggested  by  Professor 
Dunham, who has taken an active interest in this work and has 
placed the facilities of the laboratory at my disposal.  I wish also 
to  express  my gratitude  to  the  Dean  of the  College,  Professor 
Egbert  Le  Pevre.  While  the  number  of  gentlemen who  have 
favored  me  with  cases,  syphilitic  and  others,  upon  which  my 
work is based, is too great to permit of individual mention,  I  do 
not wish to fail to acknowledge my special  indebtedness  to  Dr. 
Flexner of the Rockefeller Institute who has been  ever  ready to 
help and  suggest,  to  Professor  Pordyce  and  his  staff  of  the 
Dermatological Department,  and to Professor van der  Poel  and 
his staff of the Department of Genito-Urinary  Diseases.  Had it 
not  been  for  the  courtesy of  these  gentlemen,  I  should  have 
been  without the most valuable  material. 
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EXPLANATION  OF  PLATES 
PLATE XX[. 
(All  Spiroch~eta pallida.) 
Fig.  :.--(a)  Division into  three individuals. 
(b)  ....  two  " 
Fig.  2.--Division into three individuals, red blood corpuscles in the field. 
Fig.  3.--(a)  Very long  pallida;  atypicalcurves. 
(b)  Long pallida, partly double and thicker than normal. 
(c,c,c)  Typical specimens of pallida. 
Fig.  4.--(a)  Single organism, abnormally thick. 
(b)  Division into  two  organisms. 
(c)  Typical pallida. 
Fig.  5.--Massing of spirochmtse;  some blood corpuscles in the field. 
All figures from moist papules;  original amplification  ×  22oo;  reduced ~. 
PLATE XXII. 
Fig.  i.--(a)  Spiroch~eta pallida;  close intertwining of two  individuals. 
(b)  Long pallida;  only partly shown.  (×  i8oo.) 
Fig.  2.--  Very  long  pallida;  curves  partly  atypical;  evidence  of  trans- 
verse division;  a second short organism intertwined at one end.  Red corpuscle 
near center. ( X  i8oo.) 
Fig.  3.--Spirochmta pallida;  division into three.  (X  :8oo.) 
Fig.  4.--(a and b) Typicalpallida. 
(c and d) Atypical curves in pallida. 
(e)  Thick pallida apparently splitting into three. 
(:)  Two pallida spiroch~et~e, partly so closely coiled as to resemble 
thick part  of e.  (×  I8oo.) 
Fig.  5.--Apparently single pallida, attenuated  at each end.  (×  22oo.) 
Fig.  6.--Pallida with straight  central body.  (×  2200.) 
Fig.  7.--Spirochmta refringens with membrane and  blunt projection at one 
end which stains blue while the body is deep purple in color. ( X  i8oo.) 
Fig.  8.--(a)  Spiroehmta refringens;  blunt projection as in Fig. 7. 
(b)  Spirochmta plicatilis, probably two individuals closely applied. 
(X :3oo approx.) 
Fig..9.--Spirochmta  pallida; three  double  organisms  of  which  A  is 
irregularly intertwined; B and c show at points indicated by arrows perfect 
apposition of coils.  (X  18oo.) 
Fig. xo.--(A) Spiroehmta pallida, 7 coils. 
(B)  ....  ~9  " 
( ×  18oo.) 
Figs. x, 2, 3, 4, reduced ~ . 
Figs. :, 2, 3, 4, 5, 9, from a moist papule under breast. 
Figs. 7 and 8 from mucous patch. 
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